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(57) ABSTRACT 

In an interferometer for detecting interference light between 
light flux passed through an object to be inspected and 
reference light to be generated from a portion of the light 
flux passed therethrough, a phase of the interference light is 
detected with high precision. The light flux passed through 
the optical System to be inspected forms a Spot image on a 
pinhole formed in a plate. Measuring light from the Spot 
image and the reference-light diffracted out of the light flux 
from the Spot image at the pinhole create interference light 
which in turn is received by an observation System. An 
image of interference fringes formed by the interference 
light is taken with an image pickup element. Further, het 
erodyne interference light is created by vibrating the plate in 
the direction intersecting the light flux or in the direction 
along the light path of the light flux, thereby detecting a 
phase of each portion of the interference fringes with high 
precision. 

26 Claims, 4 Drawing Sheets 
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Fig. 5 
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Fig. 6 
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METHOD AND APPARATUS FOR 
INSPECTING OPTICAL DEVICE 

This application is a continuation of Ser. No 09/137,846 
filed Aug. 21, 1998 now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and an appa 
ratus for inspecting an optical device and, more particularly, 
it relates to a method and an apparatus for inspecting an 
optical device, which are Suitable for inspecting a wavefront 
of ultraViolet rays, X-rays, etc., passing through a predeter 
mined optical System. 

2. Description of the Related Art 
For exposure apparatuses So far employed in a lithogra 

phy proceSS for producing Semiconductor elements and So 
on, there have been increasing demands to effect improve 
ments in imaging features of an optical projection System for 
transcribing an image of a mask pattern onto a board Such as 
a wafer, in order to enable finer and finer detail to be 
produced. In order to achieve Such improvements, it is 
required to measure a Status of wavefront aberration of an 
optical projection System with a high degree of precision So 
that a Twyman-Green interferometer and a Fizeau interfer 
ometer have hitherto been employed for inspecting a wave 
front of laser beams, each of which uses He-Ne laser 
beams as an inspecting light as opposed to an exposing light 
employed conventionally. These measuring methods com 
prise measuring the Status of a wavefront of light flux passed 
through an optical System to be inspected by causing the 
light flux passed through the optical device to be inspected 
to interfere with light flux from another reference plane by 
taking advantage of a very high interference performance 
inherent in He-Ne laser beams. 

However, a measuring method using two light fluxeses 
with different light paths suffers from the disadvantage that 
interference fringes are likely to undergo an irregular dis 
tortion due to influences of Vibration, large-scale optical 
parts of high precision are required to form a reference plane 
of high precision, and it is difficult to adjust the two light 
paths. Therefore, a point diffraction interferometer (PDI) is 
proposed (e.g. as disclosed in Japanese Patent Application 
Laid-open (Kokai) No. 57-64,139) which is so adapted as to 
create a reference light from a portion of the light flux passed 
through the optical projection System to be inspected. The 
prior art point diffraction interferometer can use even an 
exposing light intact as an inspecting light, which is not So 
high in interference performance, and can adjust a light path 
with ease, because the light path of a measuring light is 
almost equal to the light path of a reference light. 

Particularly, as an exposing light (exposing light energy 
beams), there have recently been employed far ultraviolet 
rays Such as ArF excimer laser beams (having wavelength of 
193 nm), too, in addition to ultraviolet rays such as KrF 
excimer laser beams (having wavelength of 248 nm). 
Further, reviews have been made to use F laser beams 
(having wavelength of 157 nm), Soft X-rays (having wave 
length of Several tens nm to about 1 nm) or hard X-rays 
(having wavelength of below about 1 nm) as an exposing 
light. AS the kind of glass materials having high transmission 
which can be applied to an exposing light with Such short 
wavelengths are limited, the use of an optical projection 
System has been reviewed which combines e.g. a concave 
mirror or a plane mirror covered with a reflecting coating 
composed of a predetermined number of layers. Although 
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quartz, fluorite and the like are known to be employed as 
glass materials for transmission of e.g. Arf excimer laser 
beams, it is required to improve performance of a transmis 
Sion coating in order to enhance transmission of those 
materials when they are to be used as Such glass materials. 
In order to inspect a wavefront of the optical projection 
System including characteristics of a reflecting coating or 
transmission coating, it is required to use an exposing light 
as an inspecting light. To this end, a point diffraction 
interferometer is Suitable. 

Such a point diffraction interferometer can present the 
advantages that an exposing light can be employed intact as 
an inspecting light and a light path can be readily adjusted 
upon effecting inspection of the wavefront of the optical 
projection System of the exposure apparatuses as Stated 
above. Using this conventional point diffraction 
interferometer, however, it is difficult to measure a phase 
difference of interference fringes between certain two mea 
Surement points with high precision because Such interfer 
ence fringes yielded there with remain Static. Therefore, the 
conventional point diffraction interferometer poses the prob 
lems that it is difficult to further improve precision of 
inspecting the wavefront of the optical projection System 
and it is rather poor in the ability of reproducing results of 
inspection. In other words, as the conventional point dif 
fraction interferometer can be provided with various 
advantages, it nevertheless is not Sufficiently precise. 

Likewise, among interferometers other than the point 
diffraction interferometer, an interferometer of the type (e.g. 
a Zone plate interferometer) capable of producing a refer 
ence light from a portion of light flux passed through an 
optical System by taking advantage of an illuminating light 
(e.g., an exposing light, etc.) with which the optical projec 
tion System to be inspected is actually irradiated Suffers from 
the defect that a SN ratio of interference fringes may be 
likely to become worse. Therefore, demands have been 
made to develop a technique for inspecting a phase of 
interference fringes at desired measurement points with high 
precision. 

SUMMARY OF THE INVENTION 

In light of the above, the present invention has a primary 
object to provide an inspection method and an inspection 
apparatus (an interferometer) for inspecting an optical 
device, which are So adapted as to detect a phase of 
interference light between light flux passed through the 
optical device as an object to be inspected and reference 
light to be produced from a portion of the light flux with high 
precision. 

Further, the present invention has a Second object to 
provide an inspection method and an inspection apparatus 
(an interferometer) for inspecting an optical device, which 
are adapted So as to detect a two-dimensional distribution of 
phases of interference light with high precision, even when 
there is employed a light flux having a lower interference 
performance as an illuminating light for detection. 
The inspection method for inspecting the optical device in 

accordance with the present invention is directed to an 
inspection method for effecting inspection of a wavefront of 
light flux passed through the optical device, which com 
prises the Step of passing the light flux through the optical 
device as an object to be inspected, and the Step of producing 
a diffracting light from a portion of the light flux passed 
through the optical device through a diffracting element in 
the process of movement. The inspection method further 
comprises the Step for detecting an interference light 
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between the diffracting light and another light flux passed 
through the optical device during the movement of the 
diffracting element. 

The diffracting element is a diffracting member having a 
pinhole shape, and it is preferred to generate the diffracting 
light with the pinhole-shaped diffracting member. The 
movement of the pinhole-shaped diffracting member may 
include vibration of the diffracting member in a direction 
interSecting the light flux passed through the optical device 
or vibration of the diffraction member in a direction along or 
parallel to the light flux passed through the optical device. 

The inspection method for the optical device in accor 
dance with the present invention comprises varying phases 
of the diffracting light generated by diffraction with the 
diffraction member by effecting the movement of the dif 
fraction member. The diffracting light is a reference light 
having an ideal wavefront (an undistorted spherical plane). 
The movement of the diffraction member can periodically 
vary a phase difference between the diffracting light as a 
reference light and another light flux (having a wavefront 
distorted by influences of aberration with the optical device) 
passed through the optical device as an measuring light 
which is not diffracted by the diffracting light. The periodical 
variation in the phase difference between the diffracting light 
and the measuring light cannot only identify the direction of 
increasing or decreasing the degree of interference fringes 
(irregularity on a wavefront to be inspected) which could not 
be identified from static interfernce fringes obtained with the 
conventional point diffraction interferometers due to Super 
imposition of fringes, but also interpolate a gap between the 
interference fringes to be created by interference between 
the diffracting light and the measuring light. Further, by 
comparing the phases of the interference light obtained at 
two locations, the phase difference in the interference light 
between the two locations can be detected with high reso 
lution and precision. The interference light in this case is a 
heterodyne interference light. 

The diffracting element may comprise a light path divi 
Sion device and a pinhole-shaped diffracting member, the 
light path division device being So adapted as to divide the 
light flux passed through the optical device into two light 
fluxes having different light paths and the pinhole-shaped 
diffraction member being disposed on the light path of one 
of the two light fluxes divided with the light path division 
device. 

In this case, the light path division device is operated to 
move and the diffracting light is generated with the pinhole 
shaped diffraction member during the movement of the light 
path division device. Further, during the movement of the 
light path division device, an interference light between the 
diffracting light generated with the pinhole-shaped diffrac 
tion member and the other light flux divided with the light 
path division device is detected. The light path division 
device may comprise, for example, a diffraction grating. The 
movement of the light path division device may comprise a 
continuous movement of the light path division device in a 
direction interSecting the light flux passed through the 
optical device. 
When the diffraction grating as the light path division 

device is transferred continuously, the wavefront of the two 
light fluxes (diffracting light) divided with the diffraction 
grating are also transferred to effect frequency modulation, 
thereby changing a Velocity of varying the phase of the 
wavefront of each light flux by the degree of the diffracting 
light, or periodically changing the phase difference of the 
two light flux generated from the diffraction grating. In this 
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case, too, the interference light of the two light fluxes 
generated from the diffraction grating comprises a hetero 
dyne interference light. 

Moreover, the diffracting element may comprise a dif 
fraction grating and a pinhole-shaped diffraction member, 
the diffraction grating being So adapted as to generate two 
light fluxes having different degrees of diffraction by dif 
fraction of the light flux passed through the optical device 
and the pinhole-shaped diffraction member being disposed 
on the light path of one of the light fluxes generated from the 
diffraction grating. 

In this case, the diffraction grating is operated to move 
and the diffracting light is generated with the pinhole-shaped 
diffraction member during the movement of the diffraction 
grating. During the movement of the diffraction grating, an 
interference light generated between the diffracting light 
generated with the pinhole-shaped diffraction member and 
the other light flux generated with the diffraction grating is 
detected. The movement of the diffraction grating may 
comprise a movement for Stepwise transferring the diffrac 
tion grating by a predetermined pitch in the direction inter 
Secting the light flux passed through the optical device. 
Upon Stepwise transferring the diffraction grating by a 

predetermined pitch, the phases of the two diffracting light 
are caused to change, thereby varying a phase difference of 
the resulting interference light periodically. 
The optical device as an object to be inspected may 

comprise, for example, an optical projection device for 
projecting an image of a pattern formed on a first plane onto 
a Second plane. The optical projection device may comprise 
an optical projection System disposed between a board and 
a mask in an exposure device for transcribing a pattern of the 
mask onto the board. The light flux incident into the optical 
device may comprise an exposing light to be irradiated upon 
the board through the mask and the optical projection 
System, and the exposing light may include ultraViolet rays 
or X-rayS. Further, the optical projection System may com 
prise a reduced optical System having plural optical reflec 
tion elements. 

Moreover, an alternative inspection method for inspecting 
an optical device in accordance with the present invention 
may include an inspection method for effecting inspection of 
a wavefront of light flux passed through the optical device, 
which may comprise a Step for passing the light flux through 
the optical device as the object to be inspected, a step for 
changing a phase difference between a diffracting light 
obtained by diffracting a portion of the light flux passed 
through the optical device and the other light flux passed 
through the optical device, and a Step for detecting an 
interference light between the diffracting light and the other 
light flux during the change of the phase difference between 
the diffracting light and the other light flux. 
The portion of the light flux may be diffracted with the 

pinhole-shaped diffraction member. The phase difference 
between the diffracting light and the other light flux can be 
periodically changed by the movement of the pinhole 
shaped diffraction member. The movement of the pinhole 
shaped diffraction member may comprise vibration in the 
direction interSecting the light flux passed through the 
optical device or vibration in the direction along and in 
parallel to the light flux passed through the optical device. 
On the other hand, the inspection apparatus for inspecting 

the optical device in accordance with the present invention 
may comprise a diffracting element for generating a dif 
fracting light from a portion of the light flux, which is 
disposed on the light path of light flux passed through an 
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optical device as an object to be inspected, a drive unit for 
driving the diffracting element, and a detection unit for 
receiving an interference light between the diffracting light 
and the other light flux passed through the optical device 
during movement of the diffracting element. 

The diffracting element may comprise a pinhole-shaped 
diffracting member that generates the diffracting light. The 
drive unit may be configured So as to vibrate the pinhole 
shaped diffraction member in the direction interSecting the 
light flux passed through the optical device or in the direc 
tion along and in parallel to the light flux passed through the 
optical device. 

Further, the diffracting element may comprise a light path 
division device for dividing the light flux passed through the 
optical device into two light fluxes having different light 
paths, and the pinhole-shaped diffracting member for gen 
erating the diffracting light which is disposed on the light 
path of one of the two light flux divided with the light path 
division device. In this case, the light path division device 
may comprise a diffraction grating and the drive unit may be 
configured to continually transfer the light path division 
device in the direction interSecting the light flux passing 
through the optical device. 

Moreover, the diffracting element may comprise a dif 
fraction grating for generating two light fluxes having dif 
ferent diffraction degrees by diffracting the light flux passed 
through the optical device and a pinhole-shaped diffracting 
member for generating the diffracting light, which is dis 
posed on the light path of one of the two light fluxes 
generated from the diffraction grating. In this case, the drive 
unit may be configured So as to Stepwise transfer the 
diffraction grating by a predetermined pitch in the direction 
interSecting the light flux passed through the optical device. 

Furthermore, an alternative inspection apparatus for 
inspecting the optical device in accordance with the present 
invention may comprise a diffracting element for generating 
a diffracting light from a portion of the light flux passed 
through the optical device as an object to be inspected, 
which is disposed on the light path of the light flux passed 
through the optical device, a unit for varying a phase 
difference between the diffracting light and the other light 
flux passed through the optical device, and a detection unit 
for detecting an interference light between the diffracting 
light and the other light flux during a variation in the phase 
difference with the unit. The diffraction member may com 
prise a pinhole-shaped diffraction member. The unit for 
varying the phase differences periodically may comprise, for 
example, a drive unit for Vibrating the pinhole-shaped dif 
fraction member in the direction interSecting the light flux 
passed through the optical device or in the direction along or 
in parallel to the light flux passed through the optical device. 

Moreover, an alternative inspection apparatus for inspect 
ing the optical device in accordance with the present inven 
tion may comprise a diffraction member in a pinhole form 
disposed on a light path of light flux (e.g., ultraViolet rays, 
X-rays, etc.) passed through or transmitted through or 
reflected from an object to be inspected, a drive System for 
Vibrating the diffracting member in the pinhole form, and a 
detection System for receiving a heterodyne interference 
light between the light flux passed through the object to be 
inspected and the diffracting light generated with the dif 
fracting member upon vibrating the diffracting member via 
the drive unit. The inspection apparatus is So configured as 
to detect optical characteristics of the object to be inspected 
on the basis of detection signals of the detection System (as 
illustrated in FIGS. 1 and 2). 
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6 
The inspection apparatus according to the present inven 

tion can detect an interference light between the light flux 
passed through the object to be inspected as a measuring 
light and the diffracting light generated from a portion of the 
light flux with the diffracting member as a reference light. 
Upon this instance, a heterodyne interference light can be 
obtained by changing a phase of the reference light by 
vibrating the diffracting member in the direction (D1) inter 
Secting the running direction of the light flux from the object 
to be inspected or in the running direction (D2) thereof. The 
phase difference of the interference light at two locations can 
be detected with high resolution and precision, for instance, 
by photoelectrically converting the heterodyne interference 
light at the two locations with the detection System and 
comparing the phases of resulting two detection signals 
(optical beat Signals). 
When the object to be inspected comprises, for example, 

an optical projection System for an exposure apparatus, a 
portion of the light flux passed through the object to be 
inspected is employed as a reference light in the present 
invention So that, even if the exposing light to be employed 
for the exposure apparatus would have poor interference 
performance, e.g., like X-rays, the exposing light can also be 
employed as light flux for use upon inspection. This enables 
measurement including influences of coating layers in the 
object to be inspected. Further, the distribution of the phases 
of the wavefronts in the object to be inspected can be 
detected by a fine pitch by receiving the heterodyne inter 
ference light with a two-dimensional image pickup element 
of a CCD type and comparing the phases of the image 
pickup signals from each pixel. 
More Specifically, this feature of the inspection apparatus 

according to the present invention can provide advantages 
that the heterodyne interference light can be obtained So that 
the phase of the interference light between the light flux 
passed through the object to be inspected and the reference 
light generated from a portion of the light flux can be 
detected with high precision. Further, as the reference light 
(diffracting light) is generated from the light flux passed 
through the object to be inspected, light flux which is poor 
in interference performance can also be employed as an 
illuminating light for use upon detection. Therefore, particu 
larly when an inspection is effected for the wavefront of an 
optical projection System with an interferometer in accor 
dance with the present invention, which is employed with an 
exposing light Such as ultraViolet rays or X-rays, the expos 
ing light can also be employed as an illuminating light for 
inspection So that aberration can be evaluated with high 
precision under actually applicable conditions. Furthermore, 
a two-dimensional distribution of the phases of the interfer 
ence light can be detected with high precision by taking a 
picture of an image of interference fringes with a two 
dimensional image pickup element and detecting the phase 
of each pixel. 

Furthermore, an alternative inspection apparatus for 
inspecting the optical device in accordance with the present 
invention may comprise a light path division System for 
generating two light fluxes having different light paths from 
the light flux passed through an object to be inspected, a 
pinhole-shaped diffracting member disposed on a light path 
of one of the two light fluxes (Lo, L.) generated from the 
light path division System, a drive unit for continually 
transferring the light path division System, and a detection 
System for receiving a heterodyne interference light between 
the other light flux generated from the light path division 
System upon continually transferring the light path division 
System through the drive unit and the diffracting light 
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generated with the diffracting element. This configuration 
can detect optical characteristics of the object to be 
inspected on the basis of detection signals from the detection 
system (as illustrated in FIGS. 3 and 4). 

In the inspection apparatus according to the present 
invention, there may be employed, for example, a diffraction 
grating as the light path division System, which may be 
configured So as to implement frequency modulation by 
transferring the wavefront of the diffracting light generated 
from the diffraction grating upon continuously transferring 
the diffraction grating in the pitch direction. A Velocity of 
varying the phase of the wavefront may vary with the degree 
of the diffracting light so that the interference light of two 
light fluxes to be generated from the diffracting light in 
different directions becomes a heterodyne diffracting light, 
thereby enabling the phase difference between two measure 
ment points to be detected with high precision, as achieved 
with the inspection apparatus (as illustrated in FIGS. 1 and 
2). 

Moreover, an alternative inspection apparatus for inspect 
ing the optical device in accordance with the present inven 
tion may comprise a diffraction grating of a predetermined 
pitch which can generate two light fluxes (Lo, L) having 
different diffraction degrees by diffracting the light flux 
passed through the object to be inspected, a pinhole-shaped 
diffracting member disposed on a light path of one of the two 
light fluxes generated from the diffraction grating, a drive 
unit for transferring the diffraction grating, and a detection 
System for receiving an interference light to be generated 
between the diffracting light generated from the diffracting 
element and one of the two light fluxes (Lo, L.) generated 
from the diffraction grating upon Stepwise transferring the 
diffraction grating with the drive unit at a predetermined 
number of times by the predermined pitech of 1/n (where n 
is an integer equal to or larger than three). This inspection 
apparatus is So adapted as to detect optical characteristics of 
the object to be inspected on the basis of detected Signals of 
the detection system (as illustrated in FIG. 5). 

The inspection apparatus according to the present inven 
tion can change the phase of the diffracting light by trans 
ferring the diffraction grating in the pitch direction as with 
the inspection apparatus according to the present invention 
(as illustrated in FIGS. 3 and 4), thereby varying the phase 
of the resulting interference light, too. This feature can 
detect the phase of the interference light with high precision 
by calculating the intensity of the interference light obtained 
upon changing the diffraction grating in plural positions. 
More specifically, the inspection apparatus according to the 
present invention can present the advantages that the phase 
of interference fringes at a desired measurement point can be 
detected with high precision by calculating the resulting 
detected Signals because the phase of the interference light 
is Stepwise transferred by a predetermined pitch amount. 
Furthermore, it can provide the merits that there can also be 
employed, as an illuminating light for inspection, a light flux 
which cannot otherwise be preferably employed for that 
purpose due to the fact that its interference performance is 
poor. 
On the other hand, a method for manufacturing an expo 

Sure apparatus in accordance with the present invention may 
include a method for manufacturing an exposure apparatus 
for transcribing an image of a pattern formed on a mask onto 
a board through an optical projection System, which may be 
provided with an inspection adjustment Step which includes 
a Step for passing an exposing light through the optical 
projection System and a step for passing the exposing light 
Sent from the optical projection System through a diffracting 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
element, which generates diffracting light from a portion of 
the exposing light Sent from the optical projection System 
during the movement of the diffracting element. The inspec 
tion adjustment Step may further contain a step for detecting 
interference light between the diffracting light and an other 
exposing light Sent from the optical projection System during 
the movement of the diffracting element. 

In the inspection adjustment Step of the method for 
manufacturing the exposure apparatus according to the 
present invention, the phase of the diffracting light as a 
reference light can be varied by the movement of the 
diffracting element, thereby perioridcally varying the phase 
difference between the diffracting light and another exposing 
light as a measuring light Sent from the optical projection 
System. Therefore, a wavefront aberration of the exposing 
light Sent from the optical projection System can be 
inspected and measured with high precision on the basis of 
interference fringes generated by interference between the 
diffracting light and the other exposing light. 

Furthermore, the exposure apparatus according to the 
present invention may comprise an exposure apparatus for 
transcribing an image of a pattern formed on a mask onto a 
board through an optical projection System, which may be 
provided with an optical inspection device comprising a 
diffracting element for generating diffracting light from a 
portion of an exposing light Sent from the optical projection 
System as an object to be inspected, which is disposed on a 
light path of the exposing light, a drive unit for driving the 
diffracting element, and an inspection unit for receiving 
interference light between the diffracting light and the other 
exposing light Sent from the optical projection System during 
the movement of the diffracting element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic view showing a configuration of an 
inspection device (an interferometer) according to a first 
embodiment of the present invention. 

FIG. 2 is a view showing interference fringes obtainable 
according to the first embodiment and image pickup signals 
obtainable at two points of the interference fringes. 

FIG. 3 is a Schematic view showing a configuration of an 
inspection device (an interferometer) according to a second 
embodiment of the present invention. 

FIG. 4(a) is a view showing 0-th light and +n-th diffract 
ing light at a certain point of time according to the Second 
embodiment of the present invention. 

FIG. 4(b) is a view showing the manner in which a 
wavefront of the +n-th diffracting light advances by trans 
ferring a diffraction grating 22 from the state of FIG. 4(a). 

FIG. 5 is an enlarged view showing the essential portion 
of an inspection device (an interferometer) according to a 
third embodiment of the present invention. 

FIG. 6 is a Schematic view showing a projection exposure 
apparatus for exposing a wafer in a step-and-Scan System 
with EUV (Extreme Ultra Violet) in a soft X-rays region, to 
which the inspection device according to the present inven 
tion can be applied. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A description will now be made of the configuration of the 
inspection device (an interferometer) for inspecting an opti 
cal device in accordance with the first embodiment of the 
present invention with reference to FIGS. 1 and 2. This 
embodiment is directed to the case where the present inven 
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tion is applied to a point diffraction interferometer for 
inspecting a wavefront of an optical projection System to be 
installed in a projection exposure apparatuS Such as a 
Stepper. 

FIG. 1 shows a point diffraction interferometer (PDI) 
according to this embodiment. AS Shown in FIG. 1, as an 
optical System 3 to be inspected as an object for inspection 
of a wavefront, there is installed an optical projection System 
of a projection exposure apparatus which uses ultraViolet 
rays Such as Arf excimer laser beams or F excimer laser or 
X-rays having wavelength of approximately 10 nm or 
Shorter as an exposing light. The optical projection System to 
be used for this embodiment may comprise an imaging 
System comprised of a reflection System only. The imaging 
System may be configured Such that the exposing light from 
a mask pattern (not shown) passes through a first mirror 4, 
a concave mirror 5, a convex mirror 6, a concave mirror 5 
and a second mirror 7 and then reaches a wafer (not shown) 
with a photoresist coated thereon, thereby projecting an 
image of the mask pattern onto the wafer. On each of the 
reflecting Surfaces of the mirrorS4 and 7, the concave mirror 
5 and the convex mirror 6 is provided with a reflecting 
coating membrane comprised of multilayers in order to 
enhance the reflectance against ultraViolet rays or X-rayS. In 
this embodiment, the exposing light is employed as it is as 
an inspecting light flux for measuring a wavefront aberration 
including influences of characteristics of the multilayered 
reflecting coating membrane and fine irregularity on the 
reflecting Surface thereof. 

It is to be noted herein that, when X-rays are to be 
employed as the exposing light and He-Ne laser beams are 
employed as the inspecting light flux, He-Ne laser beams 
are reflected on an upper layer of the multilayered reflecting 
membrane So that they cannot be used for inspecting the 
State in which the Surface becomes worse, etc., resulting 
from the reflecting membrane of the lower layer. Further, as 
the wavelength of the He-Ne laser beams is longer by 
approximately 100 times than that of X-rays, precision for 
inspecting irregularities on the reflecting Surface, etc., is 
caused to be reduced to a considerable extent. Therefore, the 
point diffraction interferometer according to this embodi 
ment which uses the exposing light itself is more favorable 
in this respect, too, than the case where X-rays are employed 
as the exposing light together with He-Ne laser beams as 
the light flux for inspection. 
AS shown in FIG. 1, light flux Lhaving a frequency range 

equal to an exposing light Sent from a light Source System 1 
installed with a source of ultraviolet rays or X-rays illumi 
nates a pattern plate 2 with a Small circular opening formed 
therein to allow the light flux L to pass therethrough, and the 
light flux L passed through the circular opening of the 
pattern plate 2 forms an image (a dot image) of the opening 
on a plate 8 for point diffraction via the optical system 3 to 
be inspected. The plate 8 is comprised of a board through 
which the light flux L can be transmitted and an incident 
surface of the plate 8 is provided with a membrane 9 having 
a transmission rate with respect to the light flux L as Small 
as 5% or less and capable of transmitting the light flux L to 
a slight extent. Further, the plate 8 is provided at its portion 
with a pinhole 10 that allows the light flux L to transmit. In 
this embodiment, the dot image through the optical System 
3 is formed approximately on the pinhole 10 and a portion 
of the incident light flux L is diffracted at the pinhole 10 to 
be employed as reference light Lr, while the remaining light 
flux is allowed to transmit through a region containing the 
pinhole 10 to be employed as measuring light Lim. The 
reference light Lr and the measuring light Lim are incident 
onto an observation System 15 as interference light. 
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10 
In this case, the pinhole 10 is formed in a size smaller than 

the dot image to be formed, and a wavefront of the reference 
light Lr generated from the pinhole 10 as diffracting light 
becomes an ideal spherical wave Wr for the dot image. By 
observing a distribution of phases of an interference fringes 
obtainable by interference of the spherical wave Wr with a 
wavefront Wm of the measuring light Lim by means of the 
observation system 15, the wavefront Wm of the measuring 
light Lim, that is, deviations (wavefront aberration, etc.) of 
the wavefront of the light flux passed through the optical 
System 3 to be inspected can be measured. In the observation 
System 15 the interference light consisting of the reference 
light Lr and the measuring light Lim is incident to a micro 
channel plate (MCP) 16. The microchannel plate 16 com 
prises a large number of minute elements disposed tightly in 
a two-dimension, the minute elements capable of generating 
electron beams in the amount corresponding to the energy of 
beams incident to each of the elements. The outgoing 
surface of the microchannel plate 16 is provided with a 
fluorescent plate 17 generating e.g. fluorescence of a visible 
region by irradiation with electron beams, and the fluores 
cence 18 generated from the fluorescent plate 17 forms 
interference fringes on an image pickup Surface of a two 
dimensional image pickup element 20 of a CCD type, etc., 
through an objective lens 19. 
On the fluorescent plate 17 is formed interference fringes 

by a visible light having an energy distribution in proportion 
to interference fringes by ultraViolet rays or X-rays to be 
formed on the incident surface of the microchannel plate 16. 
Further, as the fluorescent plate 17 is conjugated with the 
image pickup Surface of the image pickup element 20, the 
image pickup Surface thereof is formed with interference 
fringes resembling the interference fringes formed on the 
incident Surface of the microchannel plate 16. Image pickup 
Signals S of the image pickup element 20 are transmitted to 
a control unit 13 comprised of a computer, and the control 
unit 13 processes the image pickup signals S and detects a 
phase difference of the interference fringes at each portion 
with respect to a reference point. 
When the light flux L comprises ultraviolet rays such as 

ArF excimer laser beams, an image pickup element Such as 
a CCD type image pickup element has Some Sensitivity to 
Such ultraViolet rays So that the image pickup element may 
also be disposed directly in place of the microchannel plate 
16. On the other hand, when the light flux L comprises 
X-rays, an X-ray fluorescent plate may be disposed in place 
of the microchannel plate 16 and an the image pickup 
element may be disposed on a back Side thereof. 

Although the image pickup element 20 outputs image 
pickup signals S of interference fringes generated by inter 
ference of the reference light Lr with the measuring light 
Lim, it is difficult to detect a phase difference between two 
points with high precision in Such a State that the interfer 
ence fringes Stay Static. Particularly, in the configuration as 
illustrated in FIG. 1, little interference fringes are caused 
because both the measuring light Lim and the reference light 
Lr become a spherical wave each having almost the same 
Spherical center in Such a State that wavefront aberration 
hardly exists due to excellent imaging performance of the 
optical System 3 to be inspected. In Such a case, too, in this 
embodiment, the interference light between the reference 
light Lr and the measuring light Lim can be made to be a 
heterodyne interference light that varies intensity with time 
by vibrating the plate 8, in order to detect a phase difference 
between two points with high precision. 

Therefore, an excitation unit 12 is connected to the plate 
8 through a support member 11 and the plate 8 can be 
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vibrated at a predetermined amplitude in the direction DI 
interSecting the incident light flux L by driving the excitation 
unit 12 through an oscillation circuit 14 by the control unit 
13. The amplitude of the vibration of the plate 8 is set to such 
an extent to fail to deviate the pinhole 10 from the dot image 
to be formed by the incident light flux L., and a frequency of 
the vibration thereof is Set to become lower than a Sampling 
frequency for reading image pickup signals of a one image 
Screen one after another with the image pickup element 20. 
AS the excitation unit 12, there may be employed, for 
example, a voice coil motor or a piezoelectric element. Upon 
vibrating the plate 8 in the direction D1 intersecting the 
incident light flux L in the manner as described above, the 
center of the spherical wave Wr of the reference light Lr is 
allowed to vibrate in the same direction D1 so that the 
resulting interference fringes (a variation of darkness and in 
the case of FIG. 1) is also caused to vibrate in the same 
direction D1. Therefore, when the plate 8 is moving in a one 
direction during its vibration, the resulting interference 
fringes move in that direction too, So that the control unit 13 
reads the image pickup signals corresponding to a one image 
Screen from the image pickup element 20 one after another 
in Synchronization with the movement of the resulting 
interference fringes and Stores the Signals in an internal 
image memory. Thereafter, the control unit 13 reads the 
image pickup signals (signals varying almost in a sine wave 
form) corresponding to, for example, two measured points 
from the internal image memory and calculates a phase 
difference between the two image pickup signals, thereby 
obtaining a phase difference of the interference fringes at the 
two measured points with high precision. 

The plate 8 may also be configured so as to vibrate in the 
direction D2 along or in parallel to the incident light flux L. 
The vibration of the plate 8 (the pinhole 10) in the direction 
D2 causes creating concentric interference fringes on the 
image pickup Surface of the image pickup element 20 and 
the resulting interference fringes move as if they flow out 
from the center or they are absorbed therein. Therefore, 
when e.g. Several images of an interference fringes are taken 
with the image pickup element 20 during a period of time, 
for example, when the phase of the interference fringes 
changes by 360, and Several sheets of images of the 
interference fringes are analyzed with the control unit 13, a 
two-dimensional distribution of the phases can be obtained. 
Upon this instance, e.g. by Supplementing the image pickup 
Signals of the Several sheets of the images of the interference 
fringes with a sinewave-form function, the distribution of 
the phases can be obtained with high precision. Likewise, 
resolution in the measuring positions can be improved by 
Supplementing a phase between each of pixels. 

FIG. 2(a) shows interference fringes 21 which can be 
observed at a certain location with the image pickup element 
20 when the plate 8 is vibrated in the direction D2 along the 
light flux Las shown in FIG.1. In FIG.2(a), the interference 
fringes 21 change in a concentric way while a portion 
thereof is caused to distort by a wavefront aberration of the 
optical System 3 to be inspected. In this case, for example, 
when a phase difference at measured positions A and B 
which are located in the same distance from the center and 
Spaced apart by 90 in the circumference direction, image 
pickup signals SA and SB as shown in FIGS. 2(b) and 2(c), 
respectively, can be obtained by arranging the image pickup 
Signals read from the pixels at the measured positions A and 
B in a time Series, out of the image pickup signals obtained 
by taking pictures of images of interference fringes. 
Actually, the image pickup signals are obtained in a discrete 
State at predetermined time intervals and the image pickup 
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Signals SA and SB are obtained by approximating the 
obtained image pickup signals with a Sine wave. In this case, 
a phase difference Acp between the image pickup signals SA 
and SB can be obtained with extremely high resolution and 
precision So that as a consequence a phase difference Ap of 
the intereference fringes at the measured points A and B can 
also be measured with high precision. Further, for example, 
by obtaining a phase difference at other measureming points 
with reference to the phase of the center of the interference 
fringes 21 as shown in FIG.2(a), a distribution of the phases 
of the interference fringes 21 at each point can also be 
obtained with high precision, thereby enabling an inspection 
of the wavefront of the optical system 3 to be inspected as 
shown in FIG. 1 on the basis of the phase distribution. 

In this embodiment, as the heterodyne interference light is 
obtained by vibrating the plate 8 (the pinhole 10) in the 
manner as described above, the phase distribution of the 
interference fringes can be measured with high precision 
while taking advantage of the merits that the measurement 
can be conducted using the actual exposing light of the point 
diffraction interferometer. 

Then, a description is made of modes of the Second 
embodiment with reference to FIGS. 3 and 4. In the mode of 
the embodiment as shown in FIG. 1, there is the risk that no 
interference fringes are created when the optical System 3 to 
be inspected has good imaging characteristics, thereby caus 
ing a reduction in the Sensitivity to detection, because both 
the reference light Lr and the measuring light Lim form 
similar wavefronts. Therefore, in this embodiment, as dis 
closed in Japanese Patent Application Laid-opne (Kokai) 
No. 57-64,139, the spherical center of the reference light is 
shifted relative to a spot image by the optical System to be 
inspected and the heterodyne technology according to the 
present invention is applied. 

FIG. 3 shows a point diffraction interferometer (PDI) for 
use in the embodiment of the present invention and the 
identical reference numerals and Symbols are provided on 
the parts corresponding to those as shown in FIG. 1. AS 
shown in FIG. 3, a diffraction grating 22 is disposed between 
the optical system 3 to be inspected and the plate 8 with the 
pinhole 10 formed therein, and a douser 24 for dousing 
diffracting light other than 0-th light and +n-th diffracting 
light (reference Symbol 'n' being an integer equal to or larger 
than 1) from the diffraction grating 22 is disposed between 
the diffraction grating 22 and the plate 8. When the wave 
length is particularly short as in the case where X-rays are 
employed as the light flux L., crystal that can cause diffrac 
tion of X-rays may be employed as the diffraction grating 
22. 
The light flux L passed through an opening of the pattern 

plate 2 is then converged with the optical System 3 to be 
inspected and reaches the diffraction grating 22 and the 0-th 
light (Lo passed through the diffraction grating 22 forms a 
Spot image on a membrane on the Surface of the plate 8, 
which has a small transmittance. Out of the light flux sent 
from the Spot image, the measuring light Lim as light flux 
passed through the membrane on the plate 8 is incident into 
the observation system 15. On the other hand, the +n-th 
diffracting light L of the light flux L from the diffraction 
grating 22 is converged on the pinhole 10 of the plate 8 and 
the reference light Lr comprised of spherical waves dif 
fracted with the pinhole 10 is incident into the observation 
System 15 as interference light, together with the measuring 
light Lim. In this embodiment, as the spherical center (spot 
image) of the wavefront of the measuring light Lim is apart 
from the spherical center of the wavefront of the reference 
light Lr in a Sufficient distance, the interference fringes 
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obtainable when there is no aberration in the optical System 
3 to be inspected become parallel to and equal in distance to 
each other. Moreover, when there is a wavefront aberration 
in the optical System 3 to be inspected, the distances of the 
fringes may become irregular So that the wavefront can be 
inspected with ease. 

It is to be noted herein that when the interference fringes 
are static, it is difficult to detect the phase difference between 
different measurement points with high precision. Therefore, 
as shown in FIG. 3, a drive unit 23 Such as a linear motor, 
etc., may be disposed on the diffraction grating 22 to allow 
the diffraction grating 22 to move in the pitch direction at a 
constant velocity V at the time of measurement of the 
interference fringes and to Subject the +n-th diffracting light 
L1 to frequency modulation (i.e. phase modulation) to 
produce heterodyne interference light. 

FIG. 4 shows the manner in which the +n-th diffracting 
light L, is modulated by the movement of the diffraction 
grating 22. First, in the State as shown in FIG. 4(a), a 
diffraction angle 0 can Satisfy the following equation (1): 

Psin 6=n"w (1) 

where P is the pitch of the diffraction grating 22; and 
) is the wavelength of the light flux L. 
Further, supposed that the wavefront of the 0-th light Lo 

in the position 27 at the point of time as shown in FIG. 4(a) 
has a phase equal to the wavefront 25 of the +1-St diffracting 
light L and the phase is indicated by (po, the amplitude D 
between the 0-th light Lo and the 1-st diffracting light L in 
the position 27 can be indicated by sin(p). Then, FIG. 4(b) 
shows the state in which the time t has elapsed from the state 
as shown in FIG. 4(a). In this state, the diffraction grating 22 
is transferred in the pitch direction by reference symbol 
a(=V-t) so that an amount p of transferal of the phase of the 
wavefront 25 of the +1-st diffracting light L can be indi 
cated by the following equation (2): 

(i) = 2it. n. af P (2) 

2it (n. VFP)t. 

Further, when the frequency of the light flux L is indicated 
by f, the amplitude of the 0-th light in the position 27 as 
shown in FIG. 4(b) can be represented by sin(21-ft--po) 
Moreover, the amplitude D' of the 1-st diffracting light L. 
can be represented by the following equation (3): 

D' = sin(27t. ft + (j - (5) (3) 

It can be found from this equation that the reference light 
Lr comprised of the +1-st diffracting light L1 from the 
diffraction grating 22 undergoes frequency modulation by 
nV/P with respect to the measuring light Lim so that the 
intensity of the heterodyne interference light composed of 
the reference light Lr and the measuring light Lim is con 
verted into sine waves at the frequency of nV/P. Therefore, 
by Sampling image pickup signals of the interference fringes 
by frequency higher than the frequency of nV/P with the 
image pickup element 20 in the observation System 15 (as 
shown in FIG. 1), the phase of the resulting interference 
fringes (e.g. a phase difference on a basis of the center of the 
interference fringes) at each portion can be detected with 
high precision. 
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Then, a description will be made of the mode of the third 

embodiment of the present invention with reference to FIG. 
5. In the mode of the embodiment as shown in FIG. 3, the 
heterodyne interference light is created by transferring the 
diffraction grating 22. On the other hand, in this mode, an 
image of the interference fringes is taken by transferring the 
diffraction grating 22 Step-by-step in a predetermined dis 
tance. In FIG. 5, the portions corresponding to FIG. 3 are 
provided with the identical reference numerals and Symbols 
and a description of those corresponding portions will be 
omitted hereinafter. 

FIG. 5 shows a point diffraction interferometer according 
to this embodiment of the present invention. AS shown in 
FIG. 5, a portion of the 0-th light L. passing through the 
diffraction grating 22 passes through a membrane of the 
plate 8 and becomes measuring light Lim having a wavefront 
Wm, while a portion of the +n-th diffracting light Lr (where 
the reference Symbol n is an integer equal to or larger than 
1) from the diffraction grating 22 becomes reference light Lir 
composed of spherical waves Wr by diffraction with the 
pinhole 10 on the plate 8. Thereafter, images of the inter 
ference fringes resulting from Synthesis of the reference 
light Lr and the measuring light Lim are taken with the image 
pickup element in the observation System 15 as shown in 
FIG. 3. 

Further, the diffraction grating 22 in this embodiment may 
be configured such that it is fixed to a drive element 26 
comprised of, e.g. piezo element, etc., and the diffraction 
grating 22 can be transferred Stepwise by a minute distance 
in the pitch direction. In this embodiment, as an example, an 
image of interference fringes is taken when the diffraction 
grating 22 is stayed Static in an initial State, followed by 
taking pictures of images of the interference fringes created 
whenever the diffraction grating 22 is transferred in the pitch 
direction by an amount of P/4 (90° each as a phase 
difference). In this instance, the interference fringes created 
when the diffraction grating 22 has stopped at each point can 
also be regarded as heterodyne interference light. Further, 
when the phase of the interference fringes at a desired 
measurement point in the initial State of the diffraction 
grating 22 is indicated by 0, the intensity I(0) of the 
interference fringes at that measurement point in the initial 
state of the diffraction grating 22 and the intensity I(90) of 
the interference fringes after the diffraction grating 22 was 
transferred by P/4 can be represented using a predetermined 
amplitude I by the following equations (4) and (5), respec 
tively: 

I(0)=1, sin () (4) 

and 

I(90)=I, sin (0+90)=1, e) (5). 

It can be noted herein that the intensities I(0) and I(90) 
actually contain offset amounts and that the offset amounts 
can be computed, e.g. by averaging the image pickup signals 
of the pixels in a predetermined region. Therefore, if it is 
Supposed that the offset amounts are Subtracted from the 
equations (4) and (5), the following equation can be given by 
dividing the equation (4) with the equation (5): 

From this, the phase 0 at that measurement point can be 
computed from the intensities I(0) and I(90) in the manner 
as follows: 

e=arctan (ICO)/I(90)} (6). 
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Therefore, the phase of the interference fringes at each 
point can be computed from the equation (6) above by using 
the image pickup signals of the two interference fringes So 
that as a consequence a distribution of the phases can be 
computed with high precision. 

It is to be noted herein that it is in fact desired to take 
images of interference fringes at 0, 90, 180 and 270 in 
order to accurately determine a direct current component of 
the interference fringes. At this end, in FIG. 5, it may be 
possible to take images of the interference fringes in the 
initial State of the diffraction grating 22 and in the States in 
which the diffraction grating 22 are transferred by P/4, by 
P/2 and by 3P/4, respectively. When the phase of the 
interference fringes at the desired measurement point in the 
initial state of the diffraction grating 22 is set to be 0, the 
respective intensities I(0), I(90), I(180) and I(270) of the 
interference fringes at the phases of 0°, 90°, 180° and 270° 
can be given by using a predetermined offset DC, as follows: 

I(0) = Isin.0 + DC; (7) 

I (90) = I sin(0+90°) + DC 
= cos0 + DC; 

(8) 

I (180) = Isin(0+ 180°) + DC 
= - I, sin(e) + DC; and 

(9) 

I (270) = Io sin(0+270°) + DC 
= -o coSO + DC. 

(10) 

From these equations, the following equation can be 
given: 

tan e-I(0)-I(180) LI(90)-I(270). 

Therefore, the phase 0 at that measurement point can be 
accurately computed, e.g. from the four intensities I(O), 
I(90), I(180) and I(270) by the equation (11) as follows: 

e=arctan (ICO)-I(180) LI(90)-I(270)} (11). 

In the modes of the embodiments as shown in FIGS. 1 to 
5, an optical projection System comprised of a reflection 
System is employed as the optical System 3 to be inspected, 
e.g. as shown in FIG. 1. Needless to Say, however, a 
refraction System or a reflection-refraction System may 
comprise the optical System to be inspected. Further, the 
optical System to be inspected may be an optical System that 
cannot form a spot image, i.e. a focus. In this case, the 
optical System may be configured Such that a spot image can 
be created by locating an optical convergence System 
between the optical System to be inspected and the pinhole 
10, which has a negligibly minute aberration or whose 
aberration is measured with high precision. 

Moreover, as the optical System 3 to be inspected, there 
may be employed e.g. an illuminating System other than the 
optical projection System, or other optical observation SyS 
tems. In addition, it is to be noted herein that the present 
invention can be applied to a general category of interfer 
ometers using a portion of light flux passed through the 
optical System to be inspected (an object to be inspected) as 
well as interferometers of a point diffraction type. 

FIG. 6 shows an example of an exposure apparatus to 
which the inspection device according to the present inven 
tion can be applied. The exposure apparatus comprises a 
projection exposure apparatus which may be briefly config 
ured in Such a manner that a wafer W is exposed in a 
step-and-scan fashion to EUV (Extreme UltraViolet) light in 
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a Soft X-ray region having an oscillating spectrum in the 
range of wavelengths of 5 to 15 nm as an exposing illumi 
nation light EL. Although not shown in FIG. 6, the illumi 
nation light EL can be oscillated from SOR (synchrotron 
radiation) or laser plasma light Source. 

In FIG. 6, a reticle R is irradiated with the illumination 
light EL at a predetermined incident angle 0 (e.g. approxi 
mately 50 mrad) from an optical illumination system (with 
only a bending mirror M shown in the drawing), and an 
illuminating region on the reticle R is So defined as to 
become circular. The reticle R may be configured Such that 
a reflecting layer composed of multiple layers with molyb 
denum and Silicon deposited alternately in layerS is provided 
on its surface with a thin film absorbing EUV light and a 
pattern is formed on the thin film. The reticle R is held on 
a reticle stage RST and the illumination light EL reflected 
from the reticle R is projected onto the wafer Wafter passing 
through an optical projection System PL. 
The optical projection System PL is configured So as to 

become non-telecentric on its reticle Side and telecentric on 
its wafer Side and is set to have a projection magnification 
of 4. The optical projection system PL is further configured 
by a reflection System comprised of a plurality of optical 
reflection elements alone and an example of the reflection 
system as shown in FIG. 6 comprises 4 sheets of mirrors 
M1-M4, inclusive. The first mirror M1 and the fourth mirror 
M4 are formed so as for each of their reflecting surface to be 
non-spherical, while the second mirror M2 is formed so that 
its reflecting surface is flat and the third mirror M3 is formed 
So that its reflecting Surface is spherical. Each of the first to 
fourth mirrors M1 to M4 is provided on its reflecting surface 
with a reflecting layer comprised of a multi-layer membrane 
with molybdenum and Silicon deposited alternately in lay 
ers. Further, the fourth mirror M4 is provided at its portion 
with a hole that allows the illumination light EL to pass 
through and permits the illumination light EL reflected from 
the first mirror M1 to reach the second mirror M2. 
The wafer W is loaded on a wafer stage WST in such a 

manner that it is transferred in the direction relative to the 
illumination light EL in Synchronization with the movement 
of the reticle R while the reticle R is being transferred in the 
direction relative to the illumination light EL. Further, in 
order to transcribe a circuit pattern on the reticle R on the 
wafer W, each of the reticle stage RST and the wafer stage 
WST is driven at a velocity ratio in accordance with the 
magnification of the optical projection System PL by a drive 
System (not shown). 

FIG. 6 illustrates the projection exposure apparatus using 
EUV light as the exposure apparatus. It is to be noted herein 
that the exposure apparatus is not limited to the projection 
exposure apparatus as shown in FIG. 6 and it may include 
a projection exposure apparatus using, as the optical pro 
jection System PL, e.g. an optical refraction System com 
prised of a plurality of optical refraction element Systems 
only using e.g. Arf excimer laser beams having the wave 
length of 193 nm or an optical reflection-refraction System 
comprised of a combination of at least one optical reflection 
element (e.g. concave mirror, mirror, etc.) with plural optical 
refraction elements. 
The present invention can be applied to an exposure 

apparatus for use in manufacturing e.g. Semiconductor 
elements, liquid crystal display elements, image pickup 
elements (e.g. CCD elements, etc.), thin film magnetic 
heads, reticles, etc. Further, the present invention is appli 
cable to an optical System other than the optical projection 
System in the exposure apparatus, e.g. to an optical illumi 
nation System or an optical alignment System, etc. The 
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exposure apparatus may comprise e.g. a Scanning exposure 
apparatus of a type that a mask is transferred in Synchroni 
Zation with a board at a Velocity ratio in accordance with the 
magnification of the optical projection System or a batch 
exposure apparatus of a type that an entire Surface of a 
pattern formed on a mask is irradiated with an illuminating 
light in Such a State that the mask and a board are stayed to 
transcribe the pattern on the board. Moreover, as the expos 
ing light, there may be employed, in addition to X-rays (e.g. 
EUV light), e.g. g-rays, i-rays, KrF excimer laser beams, 
ArF excimer laser beams, F laser beams and other ultra 
Violet rays. Furthermore, the present invention can be 
applied e.g. to an optical projection apparatus other than the 
exposure apparatus and to a variety of optical devices. 

Furthermore, the present invention can be applied to the 
manufacturing of an exposure apparatus by effecting optical 
adjustment of the exposure apparatus by installing a main 
body of the exposure apparatus with an optical illumination 
System comprised of a plurality of optical elements and an 
optical projection System and at the same time by effecting 
general adjustment (e.g. electrical adjustment, action 
confirmation, etc.) by installing the main body of the expo 
Sure apparatus with the reticle Stage and the wafer Stage, 
each comprised of a large number of mechanical parts, and 
connecting wires and tubes thereto. Further, it is preferred 
that the exposure apparatus is manufactured in a clean room 
in which temperature, cleanliness, etc. are controlled. 

It is to be understood that the present invention is not 
limited to the embodiments as described above and is 
construed as encompassing any and every modification and 
variation without departing from the Spirit and Scope of the 
invention. 

The entire disclosure of Japanese Patent Application No. 
9-229,142 filed on Aug. 26, 1997, including specification, 
claims, drawings and Summary is incorporated herein by 
reference in its entirety. 
What is claimed is: 
1. An inspection method of optical device comprising: 
generating a diffraction light of light flux passed through 

the optical device as an object to be inspected; 
generating interference light between the diffracting light 

and the light flux which is not diffracted but is passed 
through the optical device; 

detecting an intensity of the interference light at a mea 
Surement point on a predetermined plane perpendicular 
to an optical axis of the optical device, and obtaining 
periodical variation thereof; 

obtaining phase difference information on the basis of the 
periodical variation of the intensity of the interference 
light; and 

obtaining information regarding a wavefront of the light 
flux on the basis of the obtained phase difference 
information. 

2. A method according to claim 1, wherein: 
the intensity of the interference light is varied by a relative 
movement of the light flux passed through the optical 
device and a diffraction element which generates the 
diffraction light. 

3. A method according to claim 2, wherein: 
the relative movement includes a movement of the dif 

fraction element in a direction interSecting the optical 
axis of the optical device or in a direction parallel to the 
optical axis of the optical device. 

4. A method according to claim 3, wherein: 
the diffraction element includes a pinhole, and the dif 

fraction light is generated from the pinhole. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

18 
5. A method according to claim 1, wherein: 
the periodical variation of the intensity of the interference 

light is obtained at each of plural measurement points 
on the predetermined plane. 

6. A method according to claim 1, wherein: 
the optical device as an object to be inspected includes an 

optical projection device for projecting an image of a 
pattern on a first plane onto a Second plane. 

7. A method according to claim 6, wherein: 
the optical projection device includes a projection optical 

System to be disposed between a mask having pattern 
and an object in an exposure apparatus which transfers 
the pattern on the object. 

8. A method according to claim 7, wherein: 
a light flux incident in the optical device includes an 

exposing light to be projected onto the object through 
the mask and the projection optical System. 

9. A method according to claim 8, wherein: 
the exposing light includes ultraViolet rays or X-rayS. 
10. A method according to claim 9, wherein: 
the projection optical System includes a reduced optical 

System comprised of a plurality of optical reflection 
elements. 

11. A method for making an exposure apparatus which 
exposes an object with an illumination light through an 
optical System, comprising: 

generating a diffraction light of light flux passed through 
the optical System; 

generating interference light between the diffracting light 
and the light flux which is not diffracted but is passed 
through the optical device; 

detecting the interference light at a measurement point on 
a predetermined plane perpendicular to an optical axis 
of the optical device and obtaining periodical variation 
thereof; 

obtaining phase difference information on the basis of the 
periodical variation of the intensity of the interference 
light; and 

obtaining information regarding a wavefront of the light 
flux on the basis of the obtained phase difference 
information. 

12. A method according to claim 11, further comprises: 
adjusting the optical System based on the information of 

the wavefront. 
13. An inspection apparatus for an optical device com 

prising: 
a diffraction element disposed on an optical path of a light 

flux passed through the optical device; and 
a detection unit of which an incident Surface is disposed 

on an optical path of diffraction light generated from 
the diffraction element to detect an intensity of inter 
ference light between the diffraction light and the light 
flux which is not diffracted but is passed through the 
optical device at a measurement point on a predeter 
mined plane perpendicular to an optical axis of the 
optical device and to obtain periodical variation 
thereof, and the detection unit obtains intensity of the 
interference light in order to obtain information regard 
ing a wavefront of the light flux. 

14. An inspection apparatus according to claim 13, 
wherein: 

the detection unit includes a drive unit connected to the 
diffraction element. 



US 6,650,421 B2 
19 

15. An inspection apparatus according to claim 14, 
wherein: 

the drive unit moves the diffraction element in a direction 
interSecting the optical axis of the optical device or in 
a direction parallel to the optical axis of the optical 
device. 

16. An inspection apparatus according to claim 13, 
wherein: 

the diffraction element includes a pinhole, and the dif 
fraction light is generated from the pinhole. 

17. An inspection apparatus according to claim 13, 
wherein: 

the periodical variation of the intensity of the interference 
light is obtained at each of plural measurement points 
on the predetermined plane. 

18. A method for making an exposure apparatus which 
transferS a pattern onto an object through a projection optical 
System, comprising: 

generating a diffraction light of an illumination light 
having an exposure wavelength passed through the 
projection optical System; 

generating an interference light between the diffraction 
light and the illumination light which is not diffracted 
but is passed through the projection optical System; 

detecting an intensity of the interference light at a mea 
Surement point on a predetermined plane perpendicular 
to an optical axis of the projection optical System, and 
obtaining periodical variation thereof; 

obtaining phase difference information on the basis of the 
periodical variation of the intensity of the interference 
light; and 

obtaining information regarding aberration of the projec 
tion optical System on the basis of the phase difference 
information. 

19. A method according to claim 18, wherein: 
the periodical variation of the intensity of the interference 

light is obtained at each of plural measurement points 
on the predetermined plane. 

20. A method according to claim 19, wherein: 
the intensity of the interference light is varied by a relative 
movement of the illumination light passed through the 
projection optical System and a diffraction element 
which generates the diffraction light. 
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21. A method according to claim 20, wherein: 
the relative movement includes a movement of the dif 

fraction element in a direction interSecting the optical 
axis of the projection optical System or in a direction 
parallel to the optical axis. 

22. A method according to claim 21, wherein: 
the diffraction element includes a pinhole, and the dif 

fraction light is generated from the pinhole. 
23. An exposure apparatus which transferS a pattern onto 

an object through a projection optical System, comprising: 
a diffraction element disposed on a optical path of illu 

mination light having an exposure wavelength passed 
through the projection optical System; and 

a detection unit of which an incident Surface is disposed 
on a light path of a diffraction light generated from the 
diffraction element to detect an intensity of interference 
light between the diffracting light and the illuminating 
light which is not diffracted but is passed through the 
projection optical System at a measurement point on a 
predetermined plane perpendicular to an optical axis of 
the projection optical System to obtain periodical varia 
tion thereof, and the detection unit obtains phase dif 
ference information on the basis of the variation of the 
intensity of the interference light in order to obtain 
information regarding a wavefront of the illumination 
light. 

24. An exposure apparatus according to claim 23, 
wherein: 

the periodical variation of the intensity of the interference 
light is obtained at each of plural measurement points 
on the predetermined plane. 

25. An exposure apparatus according to claim 23, 
wherein: 

the detection unit includes a drive unit connected to the 
diffraction element, and the drive unit moves the dif 
fraction element in a direction interSecting the optical 
axis of the projection optical System or in a direction 
parallel to the optical axis. 

26. An exposure apparatus according to claim 23, 
wherein: 

the diffraction element including a pinhole, and the dif 
fraction light is generated from the pinhole. 
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